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mOGRAjI DESCRCTTTOM; 

Program Title; Test of the Difference Between Two Sample Means, 

for Independent Samples, Subroutine, ERFP 

Author t R. L. Stearmanj Installation: Booz-Allen Applied Research, 3jic, 
" Washington Operations 

Purpose: 

■ ■!■■ ■■!■ ^ IM fc I 

To determine whether the difference between means of two independent 
samples is statistically significant, 

fio? tr i_c t i ons : 

The subroutine makes use of the ERFP sample statistics subroutine (F6-105) 
which must be stored at L + 1000. It also utilizes the alphanumeric print 
out subroutine and the ERFP interpretive, input, output and square root sub- 
routines. The subroutine is not restricted to the case of equal population 
variances for the samples involved. Observations within samples must be 
stored sequentially, but samples need not be in sequence. The subroutine is 
not restricted to samples of eqiial size. 

Method : 

The method used is that described by Stearman (Stearman, Roebert L., 
Statistical Concepts in Microbiology, Bacterid. Revs., 19, l60-2l5 (1955)) 
in the sections entitled "Test of the difference between two treatments: 
independent samplesjf pages 179-l83j and "Test of two sample estimates of the 
variance," pages l83, 18U. 

The subroutine first computes and stores the sample statistics: 
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S,S«2 ~ Hp p 

£ (Xp^ - Xp) 

d.f.g = Hp - 1 
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s 2 = S.S.^/ng 
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where Xt ^ is the i-th observation on the i-th sample (i = 1, 2) (j = 1, 2,,.., 

-■-J - 2 2 

n-j_ and j =1, 2, ..., n2). The values of x^, s ^, x^, s , are tabulated. 

2 2 
The F-test of the two sample estimates, s -, and s t of the variance is 



two sample estimates, s -. and s j o 
th the necessary degrees of freeaora. 



computed and printed with the necessary degrees of freeaora, where 

„ 2,2 , 2 =», 2 X 

F = s ^/s 2 (s ^-'s 2^ 

°^ TP/2/2/2^2. 

F < s 2/s 3^ (s 2 "S ^) 

xd.th degrees of freedom for both numerator and denominator. Having printed 
out the value of F and its degrees of freedom, the operator is asked whether 
the F-value obtained is statistically significant. The t-test of the differ- 
ence between the means depends on the answer. 

If the variances are not statistically significantly different, the 
variances are pooled and the necessary value of t computed, where: 

pooled S.S. = S.S. + S.S.g 

pooled d.f. => d.f.-j^ + d.f,- 

2 
pooled s = pooled S.S. /pooled d.f. 



and 



t = 12 



x^-x. 
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The operator is then asked to enter t with the pooled degrees of freedom 
into Lg + 0138. The subroutine then tests the significance of the value 
of t obtained thus: the treatment difference is statistically significant 
if 



t > t» 
or 



t<-t» 



where t' is the value of t entered in L > 0138 

and the treatment difference is not statistically significant if 

-t«<t <:tt 

Having tested the value of t, the subroutine prints out the conclusion along 
with values for both t and t» and returns to the program. 

If the variances are statistically significantly different, the var- 
iances may not be pooled, so t is given as 



t = 



^1 -^2 

-Y — 'Y' 

s s 
1 + 2 



^ n-L ng 

The statistical significance of the difference between the means cannot be 
subjected to an exact test without a knowledge of the values of the popula- 
tion variances, c3^_, and 6 „, for the populations sampled. An approx- 
imate solution to the problem is used by testing the value of t obtained 
—against a weighted average of the values of t for each of the degrees of 
freedom. The operator is asked to enter t with d,f,-|_ and t with d.f,2 (de- 
noted by t-^ and t2, respectively) starting in location L^ + O13U. The 
subroutine then computes 

t' = \is\/n{) + t2(s22/n2) 



(s' 



■^/n^) + (s22/n2) 



The statistical significance is tested in the manner previously described, 
i.e., the treatment difference is statistically significant if 

t>tt 
or 

t<-t» 

and the treatment difference is not statistically significant if 

-t»<t <t' 

This test is a conservative test. Having tested the value of t, the sub- 
routine prints out the conclusion along viif-h values for t and t' and then 
returns to the program. 
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Coding Information ; 
Storage ; 

The subroutine occupies 9 tracks and 3 sectors. An additional track 
and kS sectors is required for the sample statistics subroutine. 



C allin g Sequence ; 

Location 



Address 




location of ERFP Interpretive 

S.r. 

location of alphanumeric S.r. 

location of x-,-, 

(at q = 29) 



^1 

location of x 

n„ 



21 
(at q = 29) 



Instruction 

R 
U 
Z 

Z 

Z 

z 
z 

z 

etc. 

Input and Output ; are described under Method. 
Program Stops : none . 

Time 

Either of the sample problems described on the following pages requires 
about five minutes for a complete solution. 

Sample Program; 

The data given in two examples (table 3, page 178, and table h, page 
182) can be used to test the subroutine, A general program is included for 
this purpose. The program assumes nothing as to location of the needed 
subroutines J this information is supplied by the operator on interrogation by 

the program. 

Operating^ J^op,g5n!i^^ * 

Store the program as well as the t-test subroutine and its accompanying 
sample statistics subroutine, the alphanumeric subroutine, and the ERFP in- 
terpretive, input, output and square root subroutines. Transfer to the 
initial location of the program. The following is the interrogation pro- 
cedure ; 



KL eoc Put put 
A 

ERFP 
t-test s.r. 

loc xll 



-k- 



Operator ^Input 

location of alphanumeric s.r, , in decimal 

location of ERFP interpretive s.r, in 

decimal 
location of t-test s.r. in decimal 

location of x^^, in decimal 
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— ^....^^^ ,...^> ^^- .- g:^ogram No,^ F6-IOU 

Flex Ou tput gc Operator jjp ut Contiriued 

Flex .Output Operator Input, 

nl sample size n^ in hex, at q = 31 

loc x21 location X21, in decimal 

n2 sample size n2 in hex, at q = 31 

Folloang the interrogation, the machine is now reac^ for the input 
of the data format. Additional output and input is that of the t-test sub- 
routine. 

Upon completion of the test, the depression of break point switch 8 
on a start compute signal on break point 8 stop in L^ + OI63, the program 
enters the interrogation procedure at loc x^j. 

The program occupies 2 tracks and 1 sector. The only program stop is 
the break point 8 stop described above, 

Ifemo r y A^ opA\^-P-5^- 

Central Program: O30O 
T-Test S.R. : 06OO 
Sample Statistics I600 
Alphanxim, : 3U00 
ERFP : 3500 
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